Abstract. There is a situation when industrial enterprises are forced to spend huge amounts of money to fight with hard deposits (scale) occurring in cooling systems and thermal-power devices on the surface of heating or cooling. The resulting scale reduces the heat transfer, a reduction in the cross-section of the pipes, or a decrease in the period of exploitation and productivity of the equipment used. A new method of non-reagent treatment, based on the combination of acoustic and rotating magnetic fields in the working zone, is proposed. The new method will be called acousto-magnetic. By means of acousto-magnetic treatment, it is possible to slow the formation of inorganic deposits significantly, to reduce the rate of internal corrosion, to remove the film of fungi and bacteria from the inner surface of pipelines, without interruptions in the system, without interference in the operation of the system, without reagents and harm to the environment. One of the main factors affecting the efficiency of the device is the form of a pulsed supply voltage. The results of the investigation of the influence of the impulse voltage on the change of the voltage gradient of the magnetic field in the working zone of the acoustic and magnetic device (AMD) model are presented in the article. To conduct the research, a hypothesis is advanced about the possibility of increasing the efficiency of the acoustic and magnetic field of the device by means of various forms of impulse voltage. For the experimental study of the hypothesis, an AMD model was developed, using the ELCUT 6.1 software complex. In the process of modeling, a geometric model was created, then the physical properties of the model blocks were set, and spectral analysis of the signals was conducted using the MATLAB software application package. The obtained results show the possibility of increasing the efficiency of AMD based on the pulse voltage of different forms.
Introduction
There is a situation when industrial enterprises are forced to spend huge amounts of money to fight with hard deposits (scale) occurring in cooling systems and thermal-power devices on the surface of heating or cooling. The resulting scale reduces the heat transfer, a reduction in the cross-section of the pipes, or a decrease in the period of exploitation and productivity of the equipment used.
Cleaning of equipment and pipes from scale is a time-consuming and expensive process, involving the violation of the equipment operation, with the purchase and use of chemical reagents. Geothermal energy needs a complete replacement of all pipes after each heating season.
Traditionally, mechanical and chemical cleaning is used to remove deposits. Arsenal of means is very wide; each technology has its advantages and disadvantages. But almost all methods are aimed at eliminating the problems that have arisen, rather than at preventing their occurrence.
Currently, for descaling in the production process devices of magnetic treatment are used. In fact, they are permanent magnets or electro-magnets. They are relatively simple in design and relatively inexpensive, but their main disadvantages include the impossibility of a flexible regulation of the output parameter values, resulting in liquid media with different properties. One way to solve the existing problem is to introduce non-reagent methods of cleaning various systems from scale [1] .
A new method of non-reagent treatment, based on the combination of acoustic and rotating magnetic fields in the working zone, is proposed. The new method will be called acousto-magnetic [2] . By means of acousto-magnetic treatment it is possible to slow the formation of inorganic deposits significantly, to reduce the rate of internal corrosion, to remove the film of fungi and bacteria from the inner surface of pipelines, without interruptions in the system, without interference in the operation of the system, without reagents and harm to the environment. Devices of appropriate power are mounted over the pipeline.
The implementation of the method is based on an acoustic magnetic device, which has obtained several patents [3] [4] [5] . The acoustic magnetic device can be used in various industries, including heat power engineering. An important factor is the efficiency of liquid treatment.
One of the main factors affecting the efficiency of the device is the form of a pulsed supply voltage. The design parameters of the device are established in the process of modelling in the ELCUT and MATLAB environments.
Materials and methods
To understand the problem, we will describe a new method of reagentless water treatment, based on the combination of acoustic and rotating magnetic fields in the working zone. The method of reagentless water treatment is carried out as follows. Ultrasonic acoustic vibrations and rotating oppositely directed electromagnetic fields are used as a combined physical impact on the flow of water. To create acoustic and rotating electromagnetic fields, magnetic circuits of the system of ferrite rings with electric windings are used, which are supplied with a three-phase alternating voltage in the resonant ultrasonic frequency range of 32-35 kHz.
To implement the method, a device is used comprising a cylindrical non-magnetic body that has a magnetostrictive source of ultrasonic vibrations inside, and an electromagnetic system consisting of the magnetic circuit and windings with leads for connection to a power source outside. In the electromagnetic system, the magnetic circuit is in the form of a ferrite ring.
When applying a three-phase alternating voltage to the windings of the ferrite ring, a rotating electromagnetic field is created, concentrating in the annular gap, where the stream of water flows. A certain configuration of the coils allows the device to make the maximum use of the electromagnetic energy of the winding, which creates rotating magnetic and acoustic fields. The frequency of the electric current is selected so as to create a resonance effect that forces the ferrite core to compress and decompress, reproducing the sound vibrations acting on the liquid. This method of water treatment promotes the stability of water more than any other known methods.
Modeling of the electromagnetic field in the ELCUT environment involves the development of the equivalent circuit for the electromagnetic system of the acoustic magnetic device.
The electrical part of the equivalent circuit for the electromagnetic system of the acoustic magnetic device consists of three electrical circuits having active resistances
The first circuit has the parameters R 1 , L 1 , i 1 and is switched on to the pulse voltage U 1 ; the second circuit R 2 , L 2 , i 2 is switched on to the impulse voltage U 2 ; the third circuit R 3 , L 3 , i 3 is switched on the impulse voltage U 3 . In general, the circuit is a system of three subsystems (circuits 1, 2, 3). Let us write down a system of equations describing the voltage drop on each circuit.
Fig. 1. Equivalent circuit of electromagnetic component of acousticmagnetic device
The total EMF induced in three circuits at the moment of switching on SA1, SA2 and SA3 switches:
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where e 1 -total EMF induced in the first circuit, e 2 -total EMF induced in the second circuit, e 3 -total EMF induced in the third circuit.
The first step is to create a problem such as the "Magnetic field of alternating currents" in the ELCUT 6.1 environment. Having established the properties of the problem, we proceed to the construction of the geometric model of the device [6] . The diagram of the device is presented in a section for a more graphic representation of the magnetic field pattern. Fig. 2 shows a geometric model in the ELCUT 6.1 environment. Fig. 2 . Geometric model in ELCUT 6.1 environment: 1 -body of the device; 2 -first winding; 3 -ferrite ring; 4 -second winding; 5 -working zone; 6 -third winding
Following the creation of the geometric model of the problem, the physical properties of objects, as well as the boundary conditions, are specified with the help of marks. One winding is 120º from the circle of the ferrite ring. The frequency at which the device is simulated is 18 kHz. The choice of precisely this frequency is due to the fact that at a given frequency the ferrite ring enters the resonance [7] . Then an electrical circuit is created to power the device. -circular frequency of the main harmonic [8] .
Next, a finite element mesh is constructed in all the used parts of the geometric model, with a discretization step of 0.5. The geometric model allows specifying physical properties of objects and boundary conditions [9] . Fig. 4 shows the magnetic field pattern, when voltage of the meander type is applied to the device, but Fig. 5 shows the pattern of the magnetic field, when triangular voltage is applied to the device. Fig. 6 gives distribution of maximum intensity depending on phase. 
. Distribution of maximum intensity depending on phase
The analysis of the obtained results made it possible to construct a table of maximum/minimum tension in the working zone of the acoustic-magnetic device model, depending on the shape of the voltage pulse signal. The results are shown in Table 1 .
Based on the results of modeling, the maximum intensity of the magnetic field in the working area of the acoustic magnetic device model is achieved, when the signal of the meander form is used as the supply voltage. The acoustic effect of waveforms on preventing deposits in piping was not evaluated, because it was not included in the subject of the study.
To determine the effectiveness of the pulse signal, a spectral analysis was made. The main criterion for comparing the signals was the amplitude of harmonics in the operating frequency range of the device. The analysis was carried out in the package of MATLAB applied programs [9] . Results and discussion On the basis of theoretical studies and modeling, a model of the device was made and its testing confirmed the theoretical studies. The influence of the shape of the impulse voltage of the acoustic magnetic device on the anti-scale effect was investigated at the experimental stand described in the article [10] . The studies confirmed the maximum efficiency of the application of the pulse voltage supply of the acoustic magnetic device of the "meander" form.
The experimental data obtained closely coincide with the model constructed. An industrial sample of an acoustic magnetic device is shown in Fig. 7 .
Production tests confirmed the efficiency of the device. Fig. 8 shows a section of the pipe that was rejected in the result of routine maintenance work performed after the heating season.
The efficiency of the device was tested during the year of its operation. As a result of routine maintenance it was found that the amount of deposits on the pipes began to tend to zero. Fig. 9 shows a damper that has been used throughout the heating season. Before installing the device, the dampers were discarded after two weeks of operation. Traditionally, a magnetic device is used to treatment of water and solution. The device parameters are:
• Ten of these devices are installed on a pipe with a diameter of 80 mm demonstrate power consumption 3.5 kW, weight -400 kg. With the installation of ten acoustic and magnetic devices (Fig. 6) , the power consumption is 70-100 watts, weight -8 kg. However, the performance for the processed water is the same (25 m 3 ·h -1 ). The measured value of the magnetic field strength of the acoustic and magnetic device in the working area is 15 A·m -1 with RMS = 1. It is planned to optimize the overall dimensions and power of the device.
Conclusions

1.
Comparison of the amplitudes of the harmonics of the signals on the graphics clearly shows that the largest part of the energy is concentrated in the first harmonic, and the maximum amplitude of the voltage applied to the windings is achieved in the form of a meander, unlike other forms of impulse voltage. Accordingly, the excited current in the windings of the device and the intensity of the magnetic field with this form of the signal reach the highest values. 2. The gradient of the magnetic field intensity is concentrated in the working zone of the device. The maximum effective form of the pulse voltage supply for the acoustic magnetic device is the meander, which is confirmed by the experimental studies at the stand with a closed circuit and production tests.
